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In Vitro Evaluation of an Inverted End-to-End Equine Jejunojejunal
Anastomosis Using Skin Staples
MARCO GANDINI, MedVet and ANDREA BERTUGLIA, MedVet, PhD
Objective—To compare functional indices of end-to-end (EEA) jejunojejunal anastomosis using
skin staples in horses with a 2-layer inverting hand-sewn technique.
Study Design—Experimental study.
Sample Population—Jejunal segments from 8 fresh equine cadavers.
Methods—For each bowel segment, 2 EEA anastomoses were created: one 2-layer hand-sewn and
one 1-layer using skin staples. Time for anastomosis creation was recorded and compared. Lumen
diameter of each anastomosis was measured on digital radiographs after intraluminal instillation of
contrast medium and inflation of the jejunal segments to 14mm Hg. Anastomotic indices (a com-
pensated measure of stoma diameter) and bursting pressure were determined.
Results—EEA jejunal anastomosis using skin staples was significantly faster than use of a 2-layer
hand-sewn technique. Anastomotic index, a measure of lumen size, was significantly larger with the
skin-staple technique; however, the bursting pressure of stapled anastomoses was significantly less
than for the hand-sewn technique, but the values were well above those reported for other anas-
tomotic techniques.
Conclusions—An anastomotic technique using skin staples was easy to learn and perform, effective
and faster, and mechanically comparable with a hand-sewn 2-layer technique.
Clinical Relevance—The staple technique could be beneficial in equine gastrointestinal surgery by
reducing anastomosis time, although further in vivo studies are needed to establish clinical safety.
r Copyright 2006 by The American College of Veterinary Surgeons
INTRODUCTION
ANASTOMOSES USING skin staples were initiallyused by military surgeons to create a single layer,
inverting, end-to-end (EEA) anastomosis for treatment of
intestinal gunshot injuries.1 Preliminary studies in pigs
and clinical application in human patients have been re-
ported.1–3 The method was easy to learn, safe, faster, and
mechanically superior to conventional, inverting hand-
sewn techniques. In dogs, a method for performing an
everted, single layer, jejunojejunal EEA stapling tech-
nique resulted in a fast, safe, and mechanically compar-
able anastomosis with a routine hand-sewn pattern.4
Our purpose was to compare the functional indices of
EEA jejunojejunal anastomoses created using either skin
staples or a 2-layer hand-sewn inverting technique in
equine jejunal specimens. We hypothesized that stapled
anastomoses could be constructed more quickly, would
have a larger lumen, and would be as strong as sutured
anastomoses. To test this, we constructed EEA anasto-
moses in fresh jejunal specimens and measured anasto-
motic construction time, luminal diameter, and bursting
pressure, and evaluated failure mode.
MATERIALS AND METHODS
Jejunal Specimens
Jejunal segments were collected from 8 slaughtered horses.
Segments were harvested at least 2m proximal to the ileocecal
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valve and transported and stored at room temperature in
0.9% saline solution. Each segment was used within 4 hours of
death to create 2 EEA anastomosis types: a 1-layer inverting
anastomosis using skin staples (Weck Visistat
s
35R, staple
size 5.7  3.9mm; Weck Teleflex Medica, Research Triangle
Park, NC; Fig 1) and a hand-sewn double-layer inverting
anastomoses. All anastomoses were performed by 1 surgeon
(M.G.).
Surgical Technique
After cutting the jejunum with scissors at  601 to the
mesenteric border, the mesentery was stripped 5mm back
from the transected edges with a moistened sponge.
Stapled Anastomosis. Three single inverting horizontal
mattress seromuscular sutures (2-0 polyglactin 910) were in-
serted into each end as stay sutures; 1 suture was inserted on
the mesenteric border and the other 2 sutures inserted so that
there was approximately equidistant spacing between the 3
sutures around the circumference. Traction applied to the stay
sutures produced slight inversion of the transected edges. Skin
staples were then inserted  1–2mm apart around the cir-
cumference, applying minimal pressure to the bowel surface,
to produce an inverted pattern. Approximately 50–70 staples
were used for each anastomosis.
Hand Sewn Anastomosis. A 2-layer inverting sutured
anastomosis composed of a single continuous layer in the
mucosa oversewn with a continuous Cushing pattern in the
seromuscular layer using 3 metric polyglactin 910 was used as
a control. After alignment of the 2 segments with 2-stay su-
tures inserted at the mesenteric and antimesenteric borders,
the mucosal suture layer was interrupted half-way around
the circumference to reduce the purse-string effect. Likewise,
the Cushing pattern was also interrupted once around the
circumference.
Time (minutes) to complete each anastomosis was recorded
from insertion of the first stay suture to the insertion of the
last suture or staple. After anastomosis completion, each
bowel segment was transected  15 cm proximal and distal
to the anastomosis and stored in 0.9% saline at room tem-
perature before testing. Mechanical testing was conducted on
all specimens within 1 hour of completion of the anastomosis.
Lumen Diameter and Anastomotic Index
Before biomechanical testing, each jejunal segment was
rinsed with 0.9% saline solution. Then, the lumen was filled
with a saline solution containing 10% of barium sulfate cream
113% (Prontobario esofago, Bracco s.p.a, Milano, Italy), for 1
minute after which the fluid was milked out of the specimen.
The segment ends were closed with plastic self-locking bands
and the lumen was filled with air to an intraluminal pressure
of 14mm Hg. Specimens were radiographed with a digital
system (Agfa Mimosa Vips 1206, Agfa-Gevaert N.V/S.A 96,
Munich, Germany) and lumen diameter at the anastomotic
site and at 2 sites each 5 cm distant from the anastomosis were
measured on the radiographic images.
To account for interindividual horse variation, an anasto-
motic index was calculated with the formula: index¼ 2 
anastomotic lumen diameter (cm)/(distal lumen diameter[cm]þ
proximal lumen diameter [cm]). This value is the ratio between
the lumen diameter at the anastomotic site and the mean lumen
diameter of proximal and distal sites.
Biomechanical Testing
Anastomotic leakage was evaluated by specimen inflation
with air and subsequent immersion in a water tank. Bursting
strength was determined for all specimens using a modified gas
inflation tank test. A metal cannula connected to a com-
pressed air tank was inserted into the lumen at 1 end of the
specimen and a similar cannula inserted at the other end was
connected to a calibrated mercury sphygmomanometer. The
specimen was submerged in water, inflated with air at 1L/min
until gas leaked from the bowel. Luminal pressures were con-
tinuously measured and recorded by digital camera. Review of
recordings allowed determination of the peak pressure at spe-
cimen failure. Failure was confirmed by observation of gas
bubbles leaking from the specimen and a decline in luminal
pressure.
Statistical Analysis
Anastomosis construction time and anastomotic index
for the 2 anastomosis types were compared using a paired
Fig 1. Anastomosis completed with skin staples. Staples may
appear closer than 1mm or farther apart because they were
applied while the suture line was under tension, whereas the
photograph was taken with the bowel relaxed.
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Student’s t-test. Bursting pressure values were compared be-
tween techniques using a Wilcoxon’s matched pair test. All
statistical analyses were performed with commercially avail-
able software (Graphpad InStat
s
version 3.05 for Windows
95/NT, GraphPad Software, San Diego, CA) with significance
set at P  .05. Results are reported as mean  SEM.
RESULTS
Hand-sewn anastomoses had more pronounced inver-
sion whereas the stapled anastomosis had a more bulky
appearance. The mean ( SEM) completion time for
stapled anastomosis (6.63  0.17 minutes) was significantly
faster than for hand-sewn anastomosis (17.24  0.31
minutes; Po.0001; Table 1). The mean anastomotic index
for stapled anastomoses (0.77  0.01) was significantly
higher than for the hand-sewn anastomosis (0.72 0.01;
Po.0001). Only 1 stapled anastomosis leaked air after
completion; none of the hand-sewn anastomoses leaked
after completion.
All but 1 hand-sewn anastomosis failed at the mesen-
teric attachment, at sites distant from the anastomosis, at
a mean pressure of 180.83 3mmHg. The specimen that
failed at the anastomotic site leaked where the 2 contin-
uous sutures merged in proximity to the antimesenteric
site. The mean bursting pressure for stapled anastomoses
(133.3 19.09mm Hg) was significantly lower than for
the sutured anastomosis (P¼ .0078). Two stapled anas-
tomoses failed at mesenteric sites distant from the anas-
tomosis (Fig 2), whereas the other specimens failed at
different locations within the anastomosis.
After distension, serosal tears were associated with
each staple in all stapled anastomoses but were not as-
sociated with specimen failure.
DISCUSSION
We found that an EEA jejunojejunal anastomosis cre-
ated by use of skin staples could be performed more
rapidly than a 2-layer hand-sewn anastomosis and had
less reduction in luminal diameter but lower bursting
pressure. The recorded bursting pressures for both anas-
tomosis types were markedly higher than intraluminal
pressures recorded in horses with bowel distention.
Hand-sewn anastomoses typically failed on the mesen-
teric border in the intermesenteric space away from the
anastomosis, whereas stapled anastomoses typically
failed between the anastomosed edges.
Table 1. Summary Data for Construction Time, Bursting Pressure and Anastomotic Index for Hand sewn (HS) and Stapled (SS) Jejunal Anastomoses
Specimen
Construction Time
(minutes) Bursting Pressure (mm Hg) Anastomotic Index
HS SS HS SS HS SS
1 16.88 6.05 178 40 0.75 0.78
2 15.93 6.70 170 95 0.69 0.75
3 17.80 6.20 190 160 0.71 0.74
4 17.25 7.53 185 145 0.8 0.82
5 18.35 6.35 200 180 0.67 0.74
6 16.35 6.88 175 165 0.69 0.73
7 17.08 6.83 165 160 0.76 0.81
8 18.25 6.50 180 120 0.72 0.8
Mean 17.24 6.63 180.38 133.13 0.72 0.77
SD 0.86 0.47 11.20 46.44 0.04 0.04
Fig 2. Failure in the intermesenteric region at a distant site
from anastomosis in 1 stapled specimen.
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Jejunojejunal EEA anastomoses are commonly per-
formed in equine intestinal surgery. One approach is a 2-
layer inverting hand-sewn pattern, a technique that is
demanding in terms of surgical skills and time. Use of
conventional intestinal staplers in horses has been limited
by cost and the dimensions of available instruments. The
EEA stapling devices commonly used in humans and
small animals have been used in ponies5 but cannot be
used in adult horses because the dimensions are too small
compared with horse luminal diameter.5,6 Linear thora-
co-abdominal (TA) staplers have been used to construct
everting or inverting triangulated EEA anastomoses;
however, both techniques have some disadvantages. The
everted anastomosis leaves contaminated mucosa ex-
posed to the abdominal cavity, whereas the inverting
pattern is demanding in terms of skills and time.7,8 Linear
gastrointestinal (GIA, gastrointesinal anastomosis, or
ILA, intestinal linear anastomosis) staple devices have
been used successfully to create true side to side or func-
tional EEA jejunojejunal anastomoses in horses,9,10 al-
though their cost can be a limiting factor and their use is
also not without complications.11–13 Nevertheless, a
major advantage of intestinal stapling instruments is the
precision by which staples are applied that ensure an even
distribution thus reducing the chance of anastomotic
leakage. With the use of skin staplers, even distribution, is
a function of the surgeon’s skill, although placing the tip
of the instrument against the previously placed staple can
facilitate achieving a standardized distance between
staples.
The skin-staple technique that we describe was easy to
learn and perform. The single anastomoses that leaked
air just after completion was the first performed. Subse-
quent attention to stay suture positioning resulted in op-
timal edge inversion and improved placement of the stay
sutures and staples resulted in an airtight seal at comple-
tion. In an in vivo study in dogs,4 all stapled anastomoses
leaked air after completion but did not leak ingesta or
result in postoperative complications. Some of our
stapled anastomoses were stronger than intact intestinal
wall, and all accommodated intraluminal pressures high-
er than those reported for other stapled anastomosis.14
Failure of most anastomoses (stapled and hand sewn)
occurred on the mesenteric border in the intermesenteric
space at a site distant from the anastomosis, highlighting
the importance of the serosa as a force-resisting layer.
After distension, serosal tears occurred in stapled anas-
tomoses as reported for other 1-layer techniques15 but
were not associated with specimen failure.
Exposed foreign material used to create anastomoses
is of concern for potential adhesion formation. The like-
lihood of adhesions to skin staples in the equine abdomen
is unknown but could potentially be prevented with
the use of anti-adhesion membranes16,17 or surgical
techniques.18 Complications directly related to skin staple
use in the gastrointestinal tract have not been reported in
dogs,4,19 pigs,2,20,21 or humans.3 In vivo studies are need-
ed to evaluate the abdominal response in horses. Staple
migration can occur after remodeling of the anastomosis.
In dogs,19 8 months after skin-stapled closure of entero-
tomies, one-third of the staples were no longer visible on
abdominal radiographs. The staples had apparently mi-
grated into the bowel lumen and been evacuated in feces.
In a skin-stapled EEA anastomosis study in dogs,4 staples
were completely covered by fibrous connective tissue at
21 days.
Disposable skin staplers are readily available and are
produced by several different manufacturers. Our prelim-
inary testing indicated that regular size (5.7mm 3.9mm)
staples were adequate for horses because they resulted in a
better approximation of the edges in an inverting EEA
jejunojejunal anastomosis. Other staple sizes are now
available and may be better suited to this application.
Hemorrhage from enterotomy sites may be of concern23 as
skin staples do not provide hemostasis because of their
design. Thus, if used for anastomosis, it would be import-
ant to ensure adequate hemostasis of the transected bowel
ends before stapling. Skin staples are cost-effective com-
pared with intestinal stapling devices and the technique we
describe reduces the amount of mucosa exposed compared
with an everted EEA-stapled anastomosis technique.
Seemingly, the main advantages of our method are
speed of construction and reduced bowel handling com-
pared with traditional hand-sewn techniques, factors that
may be beneficial in reducing postoperative morbidity.
Care with adequate hemostasis of transected ends before
anastomosis and precise positioning facilitated by stay
suture placement will be important to prevent leakage.
Based on our results, skin staple devices may be useful to
create technically simple and rapid EEA anastomoses in
equine jejunum, and clinical evaluation of the technique
seems warranted.
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